Introduction The feasibility, safety, and improved quality of postoperative life following laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) with a hand-sewn anastomosis via a mini-laparotomy for early gastric cancer (EGC) have been previously established. Here we describe the surgical procedure of totally laparoscopic pylorus-preserving gastrectomy (TLPPG) using an intracorporeal delta-shaped anastomosis technique, and the short-term surgical outcomes of 60 patients with EGC in the middle stomach are reported. Methods After lymphadenectomy and mobilization of the stomach, intraoperative gastroscopy was performed in order to verify the location of the tumor, and then the distal and proximal transecting lines were established, 5 cm from the pyloric ring and just proximal to Demel's line, respectively. Following transection of the stomach, a deltashaped intracorporeal gastrogastrostomy was made with linear staplers. Results There were no intraoperative complications or conversions to open surgery. Mean operation time and blood loss were 259 min and 28 mL, respectively. Twelve patients (20.0 %) experienced postoperative complications classified as grade II using the Clavien-Dindo classification, with the most frequent complication being gastric stasis (6 cases, 10.0 %). The incidence of severe complications classified as grade III or above was 1.7 %; only one patient required reoperation and intensive care due to postoperative intraabdominal bleeding and subsequent multiple organ failure. Conclusion TLPPG with an intracorporeal delta-shaped anastomosis was found to be a safe procedure, although it tended to require a longer operating time than the wellestablished LAPPG with a hand-sewn gastrogastrostomy.
Introduction
Mortality associated with gastric cancer in Japan has decreased during recent decades. However, the incidence of early gastric cancer (EGC) is increasing due to a welldeveloped mass-screening program initiated by the government, and now accounts for over 50 % of patients with gastric cancer [1, 2] . EGC has a low recurrence rate and long survival time after surgical treatment; therefore, current research is focused on offering a better postoperative quality of life by developing function-preserving operations.
Pylorus-preserving gastrectomy (PPG) preserves the pyloric ring of the stomach, and was first performed by Miki et al. in 1967 [3] . This procedure was carried out successfully as an alternative treatment for gastric ulcers in an attempt to prevent postoperative dumping syndrome and bile reflux, conditions that were often seen after conventional distal gastrectomy with a Billroth-I anastomosis [3] [4] [5] [6] . To date, laparoscopy-assisted PPG (LAPPG) with a hand-sewn gastrogastrostomy performed through a mini-laparotomy has been used to treat EGC and its safety and feasibility have been reported [7] [8] [9] [10] [11] [12] .
Several surgeons have also reported the safety and feasibility of the totally laparoscopic gastrectomy [13] [14] [15] . Compared with the laparoscopy-assisted procedure, the totally laparoscopic gastrectomy was found to be less invasive because it does not require a mini-laparotomy. Although some studies have compared the clinical outcomes of laparoscopy-assisted and totally laparoscopic gastrectomies, the feasibility of the totally laparoscopic gastrectomy remains unclear because of its technical difficulties [16] .
Kanaya et al. [13] described a new, simple, easy, and safe technique for creating an intracorporeal delta-shaped gastroduodenostomy in laparoscopic distal gastrectomy. Similarly, Lee et al. [17] formed an intracorporeal deltashaped gastrogastrostomy during a laparoscopic segmental gastrectomy or PPG. Although an excellent surgical outcome was reported, the number of patients enrolled in the study was relatively small. Clinical evidence of the feasibility of using the delta-shaped anastomosis technique during PPG will encourage the use of totally laparoscopic PPG (TLPPG).
Herein we describe the surgical procedure of TLPPG using an intracorporeal delta-shaped anastomosis technique, and the short-term surgical outcomes are reported.
Methods
The indication for TLPPG was EGC located in the middle stomach, and intramucosal or submucosal carcinoma mostly without lymph node metastasis (cT1, cN0). Diagnosis of EGC was based on the preoperative assessment of the depth of wall invasion by gastroscopy, barium radiology, and endoscopic ultrasonography. Nodal involvement was determined by preoperative computed tomography. The study also included patients undergoing endoscopic mucosal resection or endoscopic submucosal dissection whose pathological results showed positive margins, submucosal tumor invasion, or tumor involvement of submucosal vessels. A distance of at least 7 cm was required between the distal margin of the tumor and the pyloric ring. For each patient, surgery was either performed or supervised by one of three experts in laparoscopic surgery (NH, SN, ST). Each expert consecutively applied TLPPG for eligible patients.
Surgical procedures
Mobilization of the stomach and D1? lymphadenectomy were performed as previously described [18] . The lymph nodes at station 5 (suprapyloric) were routinely left intact.
The infrapyloric artery was routinely preserved to maintain a sufficient blood supply to the pyloric cuff, and the root of the right gastric artery was preserved and transected just distal to the first branch. The hepatic and pyloric branches of the vagus nerves were routinely preserved, and the celiac branch of the vagus nerve was preserved if possible.
After lymphadenectomy, intraoperative gastroscopy was routinely performed to verify the location of the tumor. The location of the preoperative marking clips, which were positioned during endoscopic examination a couple of weeks prior to surgery, was confirmed, and markings were made with dye prior to the dissection of the stomach. The distal transecting line was established 5 cm from the pyloric ring and the proximal transecting line was just proximal to Demel's line. The stomach was transected with 60-mm endoscopic linear staplers (ECHELON FLEX TM 60 ENDOPATH Ò Stapler, 60-3.5; Ethicon Endo-Surgery, Cincinnati, OH, USA). The gastrectomy specimen was removed through the umbilical port site prior to the anastomosis.
The anastomosis was formed by inserting one arm of a 60-mm linear stapler through the gastrostomies on the greater curvature of each gastric remnant. The stapler was initially inserted into the proximal remnant and gradually shifted to the distal side. The stapler was then partially closed while the staple lines on the cut ends were brought together anteriorly by the operator and the assistant so that the anastomosis was formed between the posterior walls on either side (Fig. 1) . Once fired, the stapler was removed and the remaining gastrostomy was closed by two further firings of the linear stapler over the free ends of the gastric Fig. 1 The anastomosis was formed by inserting one arm of a 60-mm linear stapler through the gastrostomies on the greater curvature of each gastric remnant. The stapler was partially closed while the staple lines on the cut ends were brought together anteriorly by the operator and the assistant so that the anastomosis was formed between the posterior walls on either side wall with three or four vertically opposed intracorporeal stay sutures (Fig. 2) . After completing the anastomosis, the staple lines on the cut ends of the proximal and distal remnant stomach crossed almost perpendicularly to the staple lines that closed the gastrostomy (Fig. 3) .
Results
From August 2010 to December 2011, TLPPG was performed in 60 patients with EGC. Characteristics of the patients are described in Table 1 and perioperative data are shown in Table 2 . The mean operation time (± SD) was 259 ± 43 min with a mean blood loss (± SD) of 28 ± 31 mL. The hepatic branch of the vagus nerve was preserved in all patients. In all patients, the TLPPG procedure was performed successfully, with no conversion to open surgery. No patient had a cancer-positive margin. The postoperative pathological examination confirmed T1 in 55 patients and T2 in 5 patients. Nodal metastasis was observed in 6 patients; N1 in 4 and N2 in 2 according to the Japanese classification of gastric carcinoma [19] .
Twelve patients (20.0 %) experienced postoperative complications classified as grade II using the ClavienDindo classification (Table 3 ) [20] . The most frequent complication was gastric stasis (6 cases, 10.0 %), which was defined when the following conditions were fulfilled: upper abdominal distension, remnant stomach fullness on radiography image, and a period of starvation longer than 24 h. Four patients (6.7 %) had an abdominal fluid collection including pancreatic fistula. There were no grade III complications, but one patient (1.7 %) with postoperative intra-abdominal bleeding who required blood transfusion, angiography, reoperation and intensive treatment was classified as grade IVb. The median postoperative hospital stay (range) was 11 (8-256) days.
Discussion
Sixty consecutive TLPPG patients were examined in this study, a much larger number than the previous report, which consisted of 12 TLPPG and 13 laparoscopic segmental gastrectomies [17] . PPG and segmental gastrectomy are different operations because PPG requires retrieval of station 6 lymph node and dissection of the right Fig. 2 The remaining gastrostomy was closed by two further firings of the linear stapler over the free ends of the gastric wall and three or four vertically opposed intracorporeal stay sutures Fig. 3 After completing the anastomosis, the staple lines on the cut ends of the proximal and distal remnant stomach crossed almost perpendicularly to the staple lines that closed the gastrostomy Values are given as either the mean ± SD, the median (with the range in brackets), or as the number of patients with percentages in parentheses TLPPG totally laparoscopic pylorus-preserving gastrectomy, ASA-PS American Society of Anesthesiologists physical status, ESD endoscopic submucosal dissection Safety and feasibility of TLPPG 185 gastroepiploic artery and vein as close to their roots. Those differences should affect the postoperative outcome, including gastric stasis. The incidence of severe postoperative complications classified as grade III or above was 1.7 %, which was acceptable, considering we performed radical lymphadenectomy for all patients. Postoperative gastric stasis was the most frequent complication, occurring in 10.0 % of patients. Although the pathophysiological mechanism of gastric stasis is not totally clear, the length of the pyloric cuff is reported to influence postoperative gastric stasis [21] . There is a risk of dissecting the posterior wall of the antrum and shortening the pyloric cuff when creating a delta-shaped intracorporeal gastrogastrostomy using linear staplers. This might affect the occurrence of postoperative gastric stasis. The observed relatively high incidence of gastric stasis may be due to the lack of experience for the particular technique. This was also indicated in our previous study on LAPPG where surgical experience was a significant factor for lower incidence of postoperative complications [9] . Thus, the results may improve by standardization of the procedure. Further investigation is required to clarify the influence of the intracorporeal deltashaped gastrogastrostomy on postoperative gastric stasis after standardization of the procedure.
The oncological safety of the TLPPG procedure is another issue that should be examined, and no positive margin was observed in this study. Confirming the location of early tumors in a totally laparoscopic procedure is quite difficult, and therefore oncological safety in this procedure is ensured by the preoperative placement of marking clips and intraoperative gastroscopy.
The operation time for TLPPG was approximately 30 min longer than the previously reported operation time for LAPPG [9] . It is most likely that the longer operation times recorded for TLPPG in this study were due to the necessity of performing an intraoperative gastroscopy in all cases to determine the resection line for the stomach, whereas the location of the tumor is verified easily in the LAPPG procedure by palpating preoperatively placed marking clips.
In summary, TLPPG with an intracorporeal delta-shaped gastrogastrostomy was found to be a safe procedure, although it tended to require a longer operating time than LAPPG with a hand-sewn gastrogastrostomy. 11 Values are given as either the mean ± SD, the median with the range in brackets, or as the number of patients TLPPG totally laparoscopic pylorus-preserving gastrectomy Data show the number of patients with percentages in parentheses TLPPG totally laparoscopic pylorus-preserving gastrectomy
